the hydrological cycle will impact not just freshwater supplies but also energy 21 production in areas dependent upon hydroelectric power. It is vital that we understand 22 the mechanisms/ processes that affect tropical precipitation and the eventual surface 23 hydrological response to better assess projected future regional precipitation trends 24 and variability. Paleoclimate proxies are well suited for this purpose as they provide 25 long time series that pre-date and complement the present, often short instrumental 26 observations. Here we present paleo-precipitation data from a speleothem located in 27 Mesoamerica that reveal large multi-decadal declines in regional precipitation whose 28 onset coincides with clusters of large volcanic eruptions during the 19 th and 20 th 29 centuries. This reconstruction provides new independent evidence of long-lasting 30 2 volcanic effects on climate and elucidates key aspects of the causal chain of physical 31 processes determining the tropical climate response to global radiative forcing. 32 Introduction 33 Speleothems are increasingly used as terrestrial archives of past climate and 34 environmental change because they can provide long, continuous, precisely U-series dated 35 and high-resolution time series and are generally unaffected by post-depositional diagenetic 36 alteration. The data for this study derive from stalagmite GU-XI-1 collected 250 m inside the 37 large cavern of Xibalba in the Campur Formation 1 located in the Maya Mountains of 38 Guatemala near the Belize border (Fig. 1, 16.5ºN, 89ºW). The in-cave elevation is 350 m, 39
Results

77
Mesoamerican hydrological reconstruction and large volcanic eruptions 78 The most prominent aspects of our reconstruction are the occurrences of three distinct 79 multi-decadal drying trends during the 19 th and 20 th centuries (Fig. 3c ). Based on the modern 80 relationship between δ 18 O and regional precipitation anomalies 11 , the speleothem data indicate century, suggesting a broader regional phenomenon. The three pronounced decreases in 89 regional precipitation coincided with clusters of strong tropical volcanic eruptions (Fig. 3a) . 90 The most prominent of these eruptions are the 1809 eruption of unknown location and 91 Tambora in 1815 (cluster 1), Krakatau in 1883 (cluster 2), Agung in 1963 and Pinatubo in 92 1991 (cluster 3). Reconstructed precipitation decreases throughout each cluster such that the 93 cumulative volcanic radiative forcing best describes the precipitation evolution during these 94 periods ( Fig. 3b, Supplementary Figs. 6, 7) . For the 19 th century clusters, the drying trend only 95 reverses when volcanic activity substantially weakens. The precipitation recovery is only 96 partial, possibly as part of recurrent drying trends in Mesoamerica 4,12 . Aerosols are a known 97 critical part of the overall anthropogenic as well as natural forcing of climate (the latter 98 associated with aeolian dust and volcanic eruptions) 13, 14, 15 . Thus we surmise that the decadal 99 5 drying trends in the early and late decades of the 19 th century and during the second half of the 100 20 th century are largely a consequence of the clustered volcanic forcing, with the most recent 101 period superposed on long-term anthropogenic drying 16 . Periods of strong volcanic activity 102 during the last millennium often coincide with periods of anomalous solar activity. This is the 103 case, for instance, for the first volcanic cluster that coincides with the prolonged period of 104 weak solar activity known as Dalton Minimum 17 . Therefore, we cannot attribute the 105 reconstructed changes to volcanic forcing alone. imply that certain tropical hydroclimates may be highly sensitive to volcanic forcing or more 157 generally to large stratospheric aerosols loading. Global climate models have become 158 increasingly important to our physical understanding of such "global forcing to regional 159 response" connections. As discussed here, however, related uncertainties affecting the 160 simulated representation (or lack thereof) of key processes as well as the reconstructed 161 external forcing that is imposed to paleo-simulations remain considerable. Thus, we need to 162 better understand such critical aspects of reconstructed as well as simulated pre-industrial 163 tropical climate evolution in order to increase our confidence in projected future regional 164 precipitation trends and variability and to potentially customize solutions for particular 165 regions. with the transition between rainfall and carbonate deposits in the speleothem in the particular 337 cave. The lag was determined based on a cross correlation analysis between the two time series 338 with lags varying between -10 and +10 years. With this lag cross correlation value is 0.43.
339
Given that the binomial smoothed 71-year precipitation record shown here only has 15 degrees 340 of freedom, this correlation value is significant at the 95% level using a directional test 341 (appropriate in this case as we can surmise that the precipitation is the driver of the δ18O 342 variations and not vice versa). Data for Belize-City precipitation is from the National Oceanic 
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The Guatemala stalagmite significantly correlates with both other series, but the Medina and 364 Lachniet records do not correlate with one other (see Supplementary Fig. 5) . The difference in 365 alignments of these records depends on their age models (note poor age control of the 39 record) 366 sampling resolution and extent of local and cave environmental overprinting.
